INTRODUCTION
been reported to be associated with several psychiatric conditions. Those who prefer evenings exhibit more depressive symptoms [3] [4] [5] [6] . Evening-type people were also reported to exhibit more behavioral problems [7] , addiction problems [8] , and adulthood attention deficit hyperactivity disorder (ADHD) [9] . M-E is associated with not only psychiatric disorders, but also certain personality traits [10] [11] [12] [13] [14] and mental and physical premenstrual symptoms [15, 16] .
Here, we explore the relationship between M-E and somatization. To the best of our knowledge, only a few studies have addressed this association to date. A recent study found that both somatization and M-E were strongly associated with depression, but somatization and M-E were not strongly linked [17] . In the cited study, a short (40-item) version of the Sleep Wake Pattern Assessment Questionnaire (SWPAQ) was used to assess M-E. It may be different from the situation in Korea due to the difference of culture and geographic factors.
If M-E and somatization were in fact associated, it would be necessary to determine whether the association was independent or influenced by depression or anxiety. Also, the effects of age and gender should be explored, as these factors affect M-E [18, 19] . The relationship between M-E and medical or psychiatric illness would also merit attention [20, 21] . Here, we explored the relationship between M-E and somatization, and factors affecting that association. We hypothesized that 1) M-E and somatization are significantly associated, independent of depression or anxiety, and 2) this association varies by gender, age, and medical/psychiatric disease status.
METHODS

Subjects
Adults (≥19 years of age) were recruited from hospitals, apartments, churches, and public health centers in the Incheon area, Republic of Korea, via posters and brochures. Demographic variables such as age, gender, and medical disease status were obtained from self-reports. The presence/absence of Axis I psychiatric disorders was identified by psychiatrists during an interview, based on the Diagnostic and Statistical Manual of Mental Disorders-IV-TR (DSM-IV-TR).
A total of 171 subjects were recruited, 73 of whom were male and 98 female, with mean age 41.1±8.2 years (the mean ages of males and females did not differ significantly). The study protocol was approved by the Institutional Review Board of Gachon University of Medicine and Science, and all subjects provided written informed consent.
Instruments
We used the Korean version of the Horne and Ostberg M-E questionnaire (MEQ) to measure morning-evening preference. The MEQ features 19 mixed-format questions. A higher MEQ score reflects greater morningness [2] . The Korean version of the MEQ was translated from the original MEQ and internal consistency was verified [22] .
The Korean version of the Symptom Checklist Somatic (SCL-SOM), derived from the Symptom Checklist-90-Revised (SCL-90-SOM), was used to measure somatization [23, 24] . The SCL-90-SOM consists of 90 questions measuring somatization, interpersonal sensitivity, depression, anxiety, hostility, fear, paranoia, and psychological disease. Of these, 12 items explore physical discomfort.
The Korean version of the Center for Epidemiological Studies Depression Scale (CES-D) was used to measure depressive symptoms. High CES-D scores indicate high levels of depressive symptoms [25] . The Korean version of the CES-D is well verified but tends to score higher than the original version [26] .
To measure current anxiety, the Korean version of the State-Trait Anxiety Inventory (STAI) was employed [27] . The STAI features subscales assessing anxiety state (the current anxiety level) and anxiety traits (congenital emotional characteristics). We used the state anxiety subscale (STAI-S) because current anxiety can affect somatization.
Statistical analysis
SPSS Statistics ver. 24 (IBM Corp., Armonk, NY, USA) was used for all statistical evaluations. In terms of demographic variables, the independent t-test was employed to compare continuous data. We used the chi-squared test to compare categorical demographic variables. Pearson correlations were calculated and stepwise multiple regression analyses performed to statistically test hypotheses. The dependent variable was the SCL-SOM score and the independent variables were age, gender, medical disease status, psychiatric disease status, and the MEQ, CES-D, and STAI-S scores. As the associations between MEQ and SCL-SOM scores differed among those with/without medical disease and with/ without psychiatric disease, MEQ×medical disease status and MEQ×psychiatric disease status were included as independent variables prior to performing additional multiple regressions. To define interactions, each interaction variable was individually included in all additional analyses.
RESULTS
Characteristics of study subjects
All subjects were divided into two groups by the median age of 40 years, as in a previous study [12] . A total of 78 subjects were <40 years in age, and 93 subjects were ≥40 years in age. All subjects were also subgrouped by gender and by medical and psychiatric disease status. Forty-five subjects (26.3%) had one or more medical diseases, and 44 (25.7%) had one or more Axis I psychiatric disorders ( Table 1 ). In terms of medical diseases, cardiovascular and musculoskeletal diseases were the most common (12 subjects). Ten subjects had endocrine diseases, six had ear-noseand-throat diseases, four had gynecological diseases, two had hepatic diseases, and two had neurological diseases. Two subjects had two or more medical diseases. In terms of psychiatric diseases, 24 subjects had depression (the most common disease), followed by anxiety in 14. In addition, six subjects exhibited substancerelated disorders, one bipolar disorder, and two mental disorders caused by their general medical condition. Four subjects had two or more psychiatric diseases.
The mean MEQ score of all subjects was 50.4±7.8. A positive correlation was evident between age and MEQ score (r=0.223, p=0.003). The mean SCL-SOM and CES-D scores were 21.4±6.1 and 11.7±9.2, respectively ( Table 1 ). The SCL-SOM score was significantly associated with the CES-D and STAI-S scores (CES-D: r=0.354, p<0.001; STAI_S: r=0.311, p<0.001). The SCL-SOM scores were significantly higher for subjects with medical or psychiatric diseases than for others (medical disease: t=-2.292, p=0.023; psy-chiatric disease: t=-2.053, p=0.042). As expected, the CES-D score was significantly associated with psychiatric disease status (t= -3.624, p=0.001).
The association between M-E and somatization
A significant Pearson correlation was evident between the MEQ and SCL-SOM scores (r=-0.235, p=0.002). On multiple regression analysis, the MEQ and CES-D scores were independent determinants of the SCL-SOM score (MEQ: β=-0.185, p=0.001; CES-D: β=0.234, p<0.001); somatization was thus independently influenced by M-E ( Table 2) .
Characteristics by gender
Of the 171 subjects, 73 were male and 98 female. The mean female MEQ score was significantly higher than that of males (males: 48.7±8.9; females: 51.6±6.6, t=2.355, p=0.020). No other score or demographic datum differed significantly between males and fe-males (Table 1) . Pearson analyses revealed significant correlations between the MEQ and SCL-SOM scores in both genders (males: r=-0.254, p=0.030; females: r=-0.201, p=0.047). Multiple regression analysis revealed that the MEQ and CES-D scores were independent determinants of the SCL-SOM scores for both genders (males: MEQ: β=-0.186, p=0.011; CES-D: β=0.328, p< 0.001; females: MEQ: β=-0.201, p=0.021; CES-D: β=0.164, p= 0.006). However, medical disease was an independent determinant of the SCL-SOM score only in females (β=3.162, p=0.021) but not in males ( Table 2) .
Characteristics by age
A total of 78 subjects were <40 years in age and 93 were ≥40 years in age. There was no significant difference between the two groups except in terms of age and medical disease status. As expected, a significantly greater number of older subjects reported medical diseases (chi-squared=5.178, p=0.023). However, no sig- nificant age-related difference in psychiatric disease status was apparent (chi-squared=0.001, p=0.980). The two age groups exhibited different relationships between their MEQ and SCL-SOM scores. A significant Pearson correlation was evident between the MEQ and SCL-SOM scores in younger (r=-0.306, p=0.006) but not older (r=-0.181, p=0.083) subjects. Multiple regression revealed that in those aged <40 years the MEQ and CES-D scores were independent determinants of the SCL-SOM score (MEQ: β=-0.216, p=0.008; CES-D: β=0.183, p=0.011), as was the case for all subjects. However, in those aged ≥40 years, the MEQ and the CES-D scores, and medical disease satus were independent determinants of the SCL-SOM score (MEQ: β=-0.184, p=0.017; CES-D: β=0.261, p<0.001; medical disease: β=2.685, p=0.026) ( Table 2 ).
Characteristics by medical disease status
Forty-five subjects had medical diseases and 126 did not. Apart from age and the SCL-SOM score, no significant difference was apparent between the two groups. The SCL-SOM score was significantly higher in those with medical diseases (t=-2.292, p=0.023) ( Table 1) . Pearson correlation analysis showed that subjects lacking a medical disease exhibited a significant association between their MEQ and SCL-SOM scores, but those with medical diseases did not (medical disease: r=-0.266, p=0.078; no medical disease: r=-0.227, p=0.010). Similarly, in multiple regression analysis, the MEQ and CES-D scores were independent determinants of the SCL-SOM score in subjects without medical disease (MEQ: β= -0.179, p=0.007; CES-D: β=0.220, p<0.001). Only the CES-D score (thus not the MEQ score) was an independent determinant of the SCL-SOM score in subjects with medical diseases (CES-D: β=0.230, p=0.019) ( Table 2 ).
Characteristics by psychiatric disease status
Overall, 44 subjects had psychiatric diseases and 127 did not. As with medical disease status, psychiatric disease status was significantly associated with the SCL-SOM score (t=-2.053, p=0.042). The mean CES-D and STAI-S scores were also significantly higher in patients with psychiatric diseases (CES-D: t=-3.624, p= 0.001; STAI-S: t=-2.736, p=0.007) ( Table 1 ). The results varied by psychiatric disease status. No significant Pearson correlation was evident between the MEQ and SCL-SOM scores in subjects with psychiatric diseases (r=0.068, p=0.661) but a significant correlation was apparent in those without psychiatric diseases (r=-0.317, p<0.001). Similarly, multiple regression analysis showed that the CES-D score was the only significant independent determinant of the SCL-SOM score in subjects with psychiatric diseases (CES-D: β=0.277, p<0.001). Both the MEQ and CES-D scores were significant independent determinants of the SCL-SOM score in subjects without psychiatric disease (MEQ: β=-0.243, p<0.001; CES-D: β=0.203, p=0.002) ( Table 2 ).
Interactions between M-E and medical or psychiatric disease status
On multiple regression analysis exploring interactions among variables, MEQ score×medical disease status and MEQ score× psychiatric disease status served as subgroup variables. There were no differences in other subgroups in additional analysis, but results were different from the initial analysis in female. In initial analyses, these variables had no effect in males, but showed significant effects in females. The MEQ score, medical disease status, and the CES-D score were significant independent determinants of the SCL-SOM score in primary analysis of females, but MEQ score×medical disease status (rather than the MEQ score alone) was a significant independent determinant upon additional analysis (R 2 =0.198, MEQ×medical disease status: β=-0.199, p=0.006; CES-D: β=0.163, p=0.006; medical disease status: β=13.762, p=0.001).
DISCUSSION
We found that M-E predicted somatization independent of depression or anxiety status, and that the association was affected by medical and psychiatric disease status. The MEQ score independently predicted somatization in those without medical or psychiatric diseases, but not in those with diseases. Overall, in line with our first hypothesis, M-E and somatization were significantly associated, and the association was independent of depression and anxiety. Thus, M-E independently affects somatization. Evening types tended to exhibit more somatization, consistent with the results of previous studies, to the effect that evening types exhibited more psychiatric symptoms or disease than morning types [3] [4] [5] 8, 9, 13] .
Several previous studies have shown that evening types are more susceptible to pain or pain-related diseases [15, 16, 28, 29] . Pain sensitivity may vary among those with fibromyalgia or musculoskeletal disease [30, 31] . This may be because the pain threshold is lower in evening types, although further studies are warranted. Evening types tended to have more psychiatric illnesses such as depression, perhaps enhancing somatization. Finally, morning and evening types differ in terms of personality trait, which may lead evening types to exhibit more somatization than morning types.
The association between M-E and somatization varied by medical or psychiatric disease status. M-E was associated with somatization in those lacking either disease type. The association between M-E and somatization was no more significant in those with medical diseases. This indicates that eveningness affects somatization, but less so when medical disease is present, suggesting that the somatic symptoms of patients with medical disease may be too serious to be affected by eveningness, given the much higher SCL-SOM scores of such subjects. Similarly, in those with psychiatric diseases, the association between M-E and somatization was not significant. It may be because the effect of M-E on somatization is relatively small due to both greater and more direct effect of psychiatric disorders on somatization.
Age and gender did not affect this association. Regardless of age or gender, evening types tended to exhibit more somatization, in contrast to existing studies reporting that the association between M-E and depression varied by age [5] and that the association between M-E and ADHD symptoms differed by gender [9] . This implies that the way M-E affects somatization is independent of depression or other psychiatric disease.
The interaction factor MEQ×medical disease status, but not the MEQ score alone, was an independent determinant of the SCL-SOM score in females, which implies that M-E and medical diseases interacted; medical disease status was an independent determinant only in females, and the association between M-E and somatization was affected by medical disease status. There are two possible reasons why the interaction was evident only in females. First, as the CES-D, STAI-S, and SCL-SOM scores did not differ significantly by gender, between-gender differences in personality traits (which we did not assess) may influence the interaction between MEQ scores and medical diseases more so than do psychiatric disorders. Second, the fact that more females than males were morning types may influence the interaction between MEQ score and medical disease status, although the mechanism remains unclear.
Associations between M-E and depression, and somatization and depression, have been well-studied. However, few studies have explored the relationship between M-E and somatization; no significant relationship was found by Putilov [17] . Several explanations of the difference in the results may be advanced. First, cultural factors may be in play. Culture affects both M-E [32] [33] [34] and somatization [35, 36] . Second, most subjects evaluated by Putilov [17] lived at high latitudes such as in Alaska or Western Siberia. Zeitgebers vary by latitude; M-E may thus affect psychiatric symptoms such as mood and fatigue differently at different latitudes. High latitudes in particular are affected by the polar night [37, 38] . Third, Putilov [17] did not distinguish between those with and without medical and psychiatric diseases. We found that the association between M-E and somatization was significant only in subjects lacking disease. Finally, Putilov [17] used the SWPAQ to assess M-E, whereas we employed the MEQ.
Our finding that M-E and somatization were independently associated is meaningful because it contrasts with the findings of other studies. The principles or impact of influence will be able to be revealed on future research. However, our study had several limitations. First, the number of patients with medical or psychiatric diseases was small. However, the same result was obtained via multiple regression analysis when the number of determinants was reduced. Second, medical disease information was self-reported; thus, inaccuracies may have created bias. Third, our results cannot be readily generalized; most of our subjects were 20-50 years in age and all were from the Incheon area. Additional follow-up studies with larger sample sizes and a wider geographic distribution are needed.
In conclusion, we found a significant association between M-E and somatization independent of any relationship with depression or anxiety; somatization was independently influenced by eveningness. The association was significant only in subjects without medical or psychiatric diseases.
